Introduction
[2] The Cassini spacecraft was injected into orbit around Saturn (SOI) on July 1, 2004. Orbits REV A and REV B followed in October and December 2004 . In this study we use energetic particle and magnetic field data obtained during these three orbits to investigate the Saturnian magnetosphere with specific emphasis on the equatorial plasma sheet. The presence of a plasma sheet at Saturn has been inferred from Voyager data [Connerney et al., 1981] . The plasma sheet was found with a thickness of about 5 R S (1 R S = 60330 km) around the equatorial plane [Sittler et al., 1983] . Sharp decreases in particle fluxes reported at 11 R S and one planetary rotation later at 22 R S in Voyager 2 data [Krimigis et al., 1983] , were interpreted as either a temporal or a spatial variation of the Kronian plasma sheet. Carbary and Krimigis [1982] found modulations in particle energy spectra with the planetary rotation period. Since the dipole axis is nearly co-aligned with the rotation axis of the planet, variations with the planet's rotation period cannot easily be interpreted as magnetic latitude variation effects (as for Jupiter). Espinosa and Dougherty [2000] and Espinosa et al. [2003a Espinosa et al. [ , 2003b reported periodic perturbations in magnetic field data obtained onboard Pioneer and Voyager and explained them with an equatorial magnetic anomaly restricted in longitude. In this paper we will describe that particle and magnetic field measurements onboard Cassini can be used to identify regions in Saturn's magnetosphere and to investigate the highly structured Saturnian plasma sheet.
Observations
[3] We used data from two instruments onboard Cassini, MIMI/LEMMS and MAG. MIMI/LEMMS [Krimigis et al., 2004] measures energetic electrons (20 keV -5 MeV) and ions (>30 keV) separately. The instrument is rotating around the Ày-axis of the spacecraft every 86 s providing good pitch angle coverage. The MAG instrument [Dougherty et al., 2004] provides magnetic field vector measurements from the Saturnian system. Figure 1 shows observed intensities of electrons (28 -49 keV) along the trajectory of Cassini projected in the planet's equatorial X-Y-plane (top) and the X-Z-plane (bottom) for orbits SOI, REV A, and REV B. The three orbits were rather similar. Cassini approached Saturn through the prenoon sector from the south of the equatorial plane. During REV A and REV B the ring plane was crossed close to Titan (%20 R S ) while during SOI it was crossed closer to the planet at 2.4 R S . The outbound segments through the dawn/predawn segments of the magnetosphere were all south of the equatorial plane (À14°during SOI and REV A but only À8°during REV B). The highest intensities were observed inside 10 R S . Higher fluxes have been observed in the night sector compared to the morning/prenoon sectors. Figure 2 shows the particle intensities color-coded along the spacecraft trajectory vs. distance R from the planet and vs. distance Z from the equatorial plane. High intensities were observed close to the equatorial plane less than 5 R S away from the equator. Orbit REV B was the one closest to the equatorial plane. A summary of MIMI/LEMMS and MAG measurements for the three orbits is presented in Figure 3 (SOI) and Figure 4 (REV A and REV B). Several different regions inside the magnetosphere could be identified by changes and differences in the energetic particle characteristics and by the magnetic field topology [Krimigis et al., 2005] :
[4] . lobe region: low ion and electron intensities (yellow bars). The magnetic field was quieter and had a stretched orientation; [5] . plasma sheet region: higher intensities (grey bars) and stretched dipole field lines;
[6] . radiation belt/ring current region: close to the planet with the highest measured intensities (pink bars), and identifiable non-dispersive intensity increases and decreases. The magnetic field has a close to dipolar configuration; [7] . region above the rings: close to the planet (only during SOI) with extremely low particle intensities or even lack of energetic particles;
[8] In the region between 3.8 and 11.2 R S sudden injections of energetic particles have been observed clearly indicating the dynamic structure of the Kronian magnetosphere [Mauk et al., 2005] . The particle intensities on the outbound passes remain high beyond the orbit of Titan. It is that region in the Saturnian magnetosphere where bright emissions of ENA have been detected with MIMI/INCA [Mitchell et al., 2005 Cowley et al. [2005] . On all three orbits multiple (sometimes very abrupt, sometimes periodic with Saturn's rotation period) transitions between plasma sheet and lobe were encountered. The best example is shown in Figure 5 for the outbound pass of orbit REV B. The electron intensity maxima are in phase with the total field maxima varying with the planet's rotation period (also present in the magnetic field components but not shown here).
Summary and Discussion
[9] MIMI/LEMMS and magnetic field measurements onboard Cassini have been used to identify different regions in Saturn's magnetosphere. Radiation belts, plasma sheet and lobe regimes could be clearly distinguished. The transitions between these regimes sometimes occur very rapidly suggesting changes in the magnetic topology at the position of the spacecraft. In the plasma sheet region the energetic particles are concentrated in a disk-like layer around the equatorial plane of the planet (±5 R S wide in the north-south direction) and extending out to the day side magnetopause at about the distance of Titan and well beyond it on the night side. Along orbit REV B modulations in both data sets used with a period corresponding to the planet's rotation have been observed. Three possible explanations arise [see Schardt and Goertz, 1983; Dessler, 1983] : (i) the modulation of the plasma sheet disc's latitude with respect to the spacecraft (can be ruled out due to the alignment of dipole and rotation axes for Saturn); (ii) the ''clock-model'' where the size of the magnetosphere, its trapped particle content or its energy is changing with the planetary rotation period, and (iii) the magnetic anomaly model where the modulation is due to a preferred longitude sweeping past the spacecraft. For options (ii) and (iii) an observer would see changes within an ''active sector'' of the magnetosphere. The sharp decreases of the electron fluxes to background levels and the corresponding instantaneous increases to levels more than two orders of magnitude above background are explainable by a transition between two topologically different regimes separated by a distinct boundary. The cause of this abrupt change could be a locally initiated disturbance in the topology limited to a narrow longitude range. Most likely these are the open field line regions of the lobe and the region with closed field lines threading the plasma sheet. Throughout the outbound segment of orbit REV B Cassini stayed close to the boundary between these two regimes, made feasible by the distance to the equatorial plane remaining nearly constant. The boundary between these regions is undulating with the planet rotation shifting it regularly across the spacecraft. Thus Cassini is either immersed in the lobe or in the plasma sheet. We suggest that the undulation is produced by the strong surface anomaly of the Saturnian magnetic field [Galopeau et al., 1991; Galopeau and Lecacheux, 2000] . A longitudinal asymmetry close to the equator of the planet [Espinosa et al., 2003a] would generate a compressional wave in the equatorial plane decoupled from and superimposed on the azimuthal motion of the plasma, resulting in a variation with the planetary rotation rate at any given local time and distance from the planet. Since Cassini was not in the equatorial plane but at rather high southern latitudes presumably the variations could only be caused by the modulation of the plasma sheet thickness due to the wave. Furthermore the direct impact of the compressional wave would result in magnetic field and particle intensity varying in antiphase. If the location of the anomaly is at high northern latitudes [Galopeau et al., 1991] it is more likely that the anomaly will have an impact on the location of the open/closed field line boundary, shifting it to higher latitudes in the longitudinal sector comprising the anomaly. As this anomaly rotates, it will lead to a corresponding latitudinal shift of the open/ closed field line boundary in the conjugate magnetospheric region. Thus, when field lines mapping to the leading border of the anomaly pass through the spacecraft position, the spacecraft being originally on open field lines enters a closed field line regime. Correspondingly, a flux increase from lobe (background) to plasma sheet levels is observed. With the passage of field lines mapping to the trailing edge a drop to lobe levels will occur. The tendency of high fluxes being associated with slightly enhanced magnetic field intensities corroborates the idea that they are observed on field lines mapping to the surface anomaly of high magnetic field intensity. Magnetic field and particle intensity vary in phase with each other. Low flux regions could also be explained by recently emptied flux tubes due to reconnection in the magnetotail. However, then the question remains why such a process would be periodic with the planet's rotation? With more orbits of Cassini to come it should be possible to proof the existence and exact location of the magnetic anomaly in the Kronian system. 
